Abstract
Background
Cardiovascular disease (CVD) morbidity and mortality is greater in people with increased insulin resistance [(type 2 diabetes mellitus (T2DM) or metabolic syndrome (MetS)] [1] [2] [3] . The presence of vascular [4] [5] [6] , cardiac [7] and renal [8, 9] target organ damage (TOD) increases the risk of cardiovascular complications independent of the existing estimated risk [10] . In the general population the overall median age for evident CVD is about 9 years lower in men than in their women counterparts Open Access *Correspondence: magomez@usal.es 3 Medicine Department, University of Salamanca, Salamanca, Spain Full list of author information is available at the end of the article worldwide [11] , except in diabetic women who have a higher risk of CVD than diabetic men [12] .
In the general population, left ventricular hypertrophy (LVH) is more prevalent in men [13] and peripheral arterial disease is more prevalent in women [14] . However, carotid intima-media thickness (IMT) and pulse wave velocity (PWV) are higher in men, although this difference is attenuated with age [15] . Measurement of IMT increases the capacity to identify individuals with diabetes [16] or MetS [17] who are at a high risk of developing cardiovascular disease. Measurement of PWV increases the capacity to identify individuals with diabetes [16] or glucose intolerance [18] , healthy individuals [19] and subjects with moderate or intermediate risk [20] who are at a high risk of developing cardiovascular disease. Patient age and gender are the most important determinants of IMT [21] . In the general population, the mean estimates of IMT progression ranged from 0.001 to 0.030 mm per year for the common carotid artery IMT, the mean estimates of IMT progression ranged from 0.001 to 0.030 mm per year for common carotid artery IMT, decreasing with control of the risk factors in diabetic individuals [22] . Postprandial blood glucose and HbA1c have a greater influence upon IMT than basal blood glucose [23] , but there was no association to cardiovascular events [24] . The predictors of PWV include abdominal obesity, hyperglycemia and dyslipidemia [15] . It has also been reported that adequate glucose and blood pressure control decreases the PWV progression in diabetic patients [25] .
In diabetic men, albuminuria occurs more frequently and with a greater reduction in glomerular filtration rate than in diabetic women [26, 27] , but LVH is more prevalent in diabetic women than in diabetic men [25] .
However, differences in the evolution of the TOD between T2DM and MetS have been little studied [28] , and the role that the gender plays in vascular, cardiac and renal TOD in patients with increased insulin resistance, remains unclear and there have been few longitudinal studies.
Therefore, we analyzed the evolution of vascular, cardiac and renal TOD in patients with increased insulin resistance over a 3.5-year follow-up and investigated gender differences and factors that influence TOD progression.
Methods

Study design
A prospective observational study was performed in a primary care setting, with a median of follow up of 3.5 years (range, 2.9-3.9 years). This study included 112 subjects from the LOD-DIABETES study (NCT01065155) [29] .
Study population
Using consecutive sampling, we included 112 patients with increased insulin resistance considering clinical criteria, i.e. with diagnosis of T2DM (n = 68) or MetS (n = 44). Type 2 diabetes mellitus (T2DM) defined using the American Diabetes Association criteria [30] or MetS defined according to the National Cholesterol Education Program, ATP III [31] . The study included patients with diabetes or metabolic syndrome, who visited their family physician between January 2009 and January 2010, and these patients included 71 men (63.4 %) and 41 women (36.6 %). Exclusion criteria were as follows: patients who were unable to comply with the protocol requirements (psychological and/or cognitive disorders; failure to cooperate; educational limitations and problems in understanding written language; and failure to sign the informed consent document). Patients participating in a clinical trial during the study were also excluded, as were patients with serious life-threatening comorbidities in the previous 12 months.
The sample size was estimated to detect a statistically significant difference in the carotid IMT that was greater than or equal to 0.03 mm between baseline and the fourth assessment. Accepting an alpha risk of 0.05 and a beta risk of 0.2 in a two-sided test, 112 subjects were necessary to achieve a statistically significant difference. The standard deviation was estimated to be 0.11 mm, and the drop-out rate was estimated as 5 %. An independent ethics committee of Salamanca Health Area (Spain) approved the study. All participants gave written informed consent, according to the general recommendations of the Declaration of Helsinki [32] .
Measurements
A detailed description has been published elsewhere of how clinical data were collected, including anthropometric measurements, blood pressure and TOD assessment [29] .
Blood pressure
Three measurements of systolic (SBP) and diastolic blood pressure (DBP) were collected using a validated OMRON model M7 sphygmomanometer (Omron Health Care, Kyoto, Japan). We used the average of the last two measurements according to the recommendations of the European Society of Hypertension [33] . Mean blood pressure (MBP) was calculated as the sum of SBP + 2 × DBP, divided by 3.
Vascular assessment
Carotid femoral pulse wave velocity PWV was estimated using the SphygmoCor System (AtCor Medical Pty Ltd., Head Office, West Ryde, Australia), with patients in the supine position. The pulse wave of the carotid and femoral arteries were analyzed to estimate the ECG wave delay and calculate the PWV. Distance measurements from the sternal notch to the carotid and femoral arteries at the sensor location were collected using a measuring tape and multiplied by 0.8, as recommended by expert consensus [34] . TOD was indicated if the PWV was greater than 10 m/sec [33] .
Carotid intima media thickness
Carotid ultrasound to assess carotid IMT was performed by two investigators trained for this purpose before starting the study. A Sonosite Micromax ultrasound (Sonosite Inc., Bothell, Washington, USA) device paired with a 5-10 MHz multi-frequency high-resolution linear transducer with Sonocal software was used for automatic measurement of IMT to optimize reproducibility. Common carotid artery measurements were made after examining a 10-mm longitudinal section 1 cm from the bifurcation. Measurements were performed at the proximal and distal wall in the lateral, anterior and posterior projections. They followed an axis perpendicular to the artery to discriminate between two lines: one for the intima-blood interface and the other for the mediaadventitious interface. A total of 6 measurements were obtained for the right carotid and 6 measurements for the left carotid. We used the average values (average IMT) that were automatically calculated using the software [35] . The measurements were obtained with the subject lying down, with their head extended and slightly turned opposite of the carotid artery under study. Average IMT values were considered abnormal if they were >0.90 mm, if there were atherosclerotic plaques with a diameter of 1.5 mm or if there was a focal increase of 0.5 mm or 50 % of the adjacent IMT [33] .
Evaluation of peripheral artery involvement
Peripheral artery involvement was assessed using the ankle-brachial index (ABI) and was calculated in the morning for patients who had not drank coffee or smoked tobacco for at least 8 h prior to the measurement. The room temperature was 22-24 °C. Patients were supine with the feet uncovered. The pressure in the lower limbs was measured after resting for 20 min using a portable Watch BP Office for assessing the ABI (Microlife AG Swiss Corporation Espenstrasse 139; CH-9443 Widnau/ Switzerland). The ABI was calculated automatically for each foot by dividing the higher of the two systolic pressures in the ankle by the higher of the two systolic pressures in the arm. An ABI < 0.9 was considered abnormal [33] .
Renal assessment
Kidney damage was assessed by measuring creatinine plasma concentration and glomerular filtration rate (eGFR) as estimated according to the Modification of Diet in Renal Disease-Isotopic Dilution Mass Spectrometry (MDRD-IDMS) [36] . Proteinuria was assessed by the albumin/creatinine ratio, (performing a measurement every year), following the 2013 European Society of Hypertension/European Society of Cardiology Guidelines criteria. TOD was defined as a plasma creatinine of 1.3 mg per 100 ml or higher in men and 1.2 mg per 100 ml or higher in women and an eGFR below 60 ml per min or albumin/creatinine ratio ≥30 mg/g [33] .
Cardiac assessment
The electrocardiographic examination was performed using a General Electric MAC 3.500 ECG System (General Electric, Niskayuna, NY, USA) that automatically measures the voltage and duration of waves and estimates the criteria of the Cornell voltage-duration product (Cornell VDP) and Sokolow Lyon product [37] . The TOD was defined according to the 2013 European Society of Hypertension/European Society of Cardiology Guidelines criteria [33] .
Laboratory determinations
Venous blood sampling was performed between 08:00 and 09:00 after the individuals had fasted and abstained from smoking and the consumption of alcohol and caffeinated beverages for the previous 12 h. Fasting plasma glucose, HbA1c, homeostasis model assessment-insulin resistance (HOMA-IR), creatinine, total cholesterol, triglycerides and high-density lipoprotein (HDL) cholesterol concentrations were measured using standard enzymatic automated methods. Low-density lipoprotein (LDL) cholesterol was estimated using the Friedewald equation. The atherogenic index was estimated by total cholesterol/HDL cholesterol.
The average annual increase in TOD was estimated by dividing the difference between the final and baseline evaluations by the years of follow-up. The individuals performing the various tests were blinded to the clinical data. All assessments were made within 10 days.
Statistics
Continuous variables were expressed as the mean ± standard deviation for normally distributed continuous data, the median (interquartile range, IQR) for asymmetrically distributed continuous data and the frequency distribution for categorical data. Statistical normality was tested using the Kolmogorov-Smirnov test. The Student's t test was used to analyze the difference between quantitative variables by gender. The evolution of quantitative variables was analyzed using an analysis of variance for repeated measures, corrected by the Bonferroni method. The presence or absence of sphericity was taken into account and the Greenhouse and Geisser correction was performed.
We used the McNemar and Cochran tests to contrast the hypothesis of two or more related proportions. In addition, we have analyzed the differences in the yearly increase in intima-media thickness (IMT), PWV and estimated glomerular filtration rate (eGFR) in the group of diabetic individuals according to gender. We performed a multiple linear regression analysis, which was adjusted for age and gender, using the stepwise method, one for each of the dependent variable and differences between the fourth measure and baseline (IMT, ABI, cf-PWV, eGFR, Cornell VDP). The independent variables included were: years since diagnosis of diabetes, smoker and mean values taken at the four visits during the 3.5 years of follow-up (atherogenic index, mean blood pressure, body mass index, HbA1C, HOMA-IR, mean number of antihypertensive, lipid lowering and antidiabetic drugs). Data were analyzed using the SPSS version 20.0 statistical package (SPSS Inc., Chicago, Illinois, USA). A value of p < 0.05 was considered statistically significant.
Results
In the first year of follow-up, two men died as result of acute myocardial infarction. Subsequently, two non-fatal cardiovascular events occurred in the male group. In the female group, there was a non-fatal cardiovascular event. The flow chart is shown in Fig. 1 .
The median time from diagnosis of type 2 diabetes mellitus was 9.20 ± 4.16 years. At baseline, the 60.9 % of men and 61.0 % of women had diabetes; 39.1 and 39.0 % had metabolic syndrome; 79.7 and 90.2 % had hypertension; 78.3 and 75.6 % had dyslipidemia and 55.1 and 53.7 % were obese. The mean age was 61 ± 11 years in men and 62 ± 12 in women. We found no statistical differences for gender in any risk factors evaluated. Table 1 shows the cardiovascular risk factors, biochemical data and drugs analyzed at each of the four evaluations by gender. Table 2 shows the basal and the annual assessments of vascular, cardiac and renal TOD by gender. In men, we observed an increase in IMT in the fourth assessment. In woman, we observed an increase in IMT and in the number of plaques.
Each year in men and women, the IMT increased 0.005 mm and 0.011, the PWV increased 0.024 and 0.020 m/sec and the eGFR increased -2.35 and 4.02 mL/ min/1.73 m, respectively. The highest increase was in women with type 2 diabetes mellitus (Table 3 ). Figure 2 shows the trend and the percentage of participants, by gender, who had vascular, cardiac and renal TOD at each of the four time points. The overall TOD increased in men and women by 10 and 17 %, respectively. In men and women, the overall vascular TOD increased by 11.5 and 14 %, the overall renal TOD increased by −8 and 7 %, and the overall cardiac TOD increased by 1.5 and 5 %, respectively.
Multiple regression analysis, using the Stepwise method, was performed after adjusting for age and gender, and it showed a negative association between the duration since diagnosis of diabetes and ABI changes during the follow up (β = −0.006; p = 0.017), and between the BMI and glomerular filtration changes (β = −0.813; p = 0.014). The HbA1c was positivenly associated with PWV changes (β = 0.501; p = 0.014; Table 4 ).
Discussion
This study included a 3.5-year median follow-up period of patients with increased insulin resistance, and it showed five important findings: (1) increased carotid TOD was higher in women; (2) increased renal TOD was higher in women and eGFR had a negative association with BMI; (3) the largest increase in IMT, PWV and renal TOD was in the group of diabetic women; (4) poor glycemic control involves greater progression of PWV; and (5) the ABI had a negative association with the duration since diagnosis of diabetes. We found that IMT progressed 0.005 mm annually in men, 0.011 mm in women and 0.018 mm in diabetic women. Our results are consistent with those published by Zhao et al. [38] in diabetic women (0.022 mm/ year), but lower than the increase IMT observed in men (0.030 mm/year). This could be because of differences in age, ethnicity, BMI and the number of comorbidities. As in other studies with the general population [24] and diabetics [38] , we have not found any variable that explains the progression of IMT in patients with insulin resistance. The increase in IMT and the number of plaques during the follow-up period was higher in females with type 2 diabetes, supporting the results of previous studies that showed that women with diabetes have a risk of cardiovascular events that is 2-times greater than that in men [12, 39] .
The global annual progression of PWV in our study was 0.020 m/sec in men, 0.024 m/sec in women and 0.302 m/sec in diabetic women. Our results are similar to those published by Marcel et al. [25] in type 2 diabetic patients (the annual increase of PWV was 0.11 m/ sec) and support the data reported by De Angelis et al. [40] , which suggests that arterial stiffness and its progression is greater in women with type 2 diabetes mellitus. Similar to previous study results [25] , our multivariate linear regression analysis showed a direct association between changes in PWV and mean HbA1c during follow-up. These findings have important clinical implications because the improvement in glycemic control could reduce aortic stiffness, thus reducing the burden of morbidity and mortality associated with type 2 diabetes. We also found a negative association between age, BMI and eGFR, which is in line with previously-published results in patients with type 2 diabetes mellitus [26, 41] . The trend for the ABI was similar in both sexes, for the absolute values and the percentage of patients with ABI < 0.9.
The evaluation of left ventricular hypertrophy was based on the Sokolow criteria and it showed differences between the four measurements in both sexes. However, the results did not show a clear trend, and there was no variable explaining these changes [13] .
In summary, our results were similar to previouslypublished results [12, 42] , indicating that women with type 2 diabetes are more vulnerable than men to develop vascular and renal TOD in the pre-occurrence phases of cardiovascular disease.
The poorer evolution of vascular and renal TOD in females, particularly among those with diabetes, may be due to the fact that women show greater stiffness values in the prepubertal period, and this stiffness moreover increases after menopause. This suggests that women intrinsically have stiffer large arteries than men-though these effects are mitigated by the sexual steroids during the reproductive years [43, 44] . Other factors that can influence the gender differences are: the sexual dimorphism of lipid metabolism, these differences include how dietary fatty acids are handled, the secretion and clearance of very low-density lipoprotein-triglycerides, the release rates of free fatty acids from adipose tissue relative to energy needs, and the removal of free fatty acids from the circulation, including the storage of free fatty acids into adipose tissue via the direct uptake process [45, 46] and inflammatory factors [47] . The results of this study will help medical professionals in their routine practice to consider gender differences, particularly as regards the group of diabetic women, with a view to performing better evaluation of vascular, renal and cardiac TOD, and thus affording better treatment suited to each individual case.
This study has some limitations that must be considered. First, the small number of subjects per group limits the power of analysis. Second, creatine albumin index was determined in a single sample each year. Also, at the time of viewing these results, the subjects included in the study had multiple associated pathologies and were being treated with many drugs, which may have affected the TOD values. It is also limited to 3.5 years of follow-up. In addition, these patients were not randomized but were involved consecutive sampling.
In conclusion, this study showed that the progression of vascular and renal TOD differs by gender. The increase of vascular and renal TOD was higher in women, especially in diabetic women. The increase in PWV showed a positive association with mean HbA1c in the follow-up IMT intima media thickness, cf-PWV carotid femoral pulse wave velocity, ABI ankle brachial index. In men, the vascular TOD was significantly different between the final and baseline assessment and the 2nd and 3rd assessments (p < 0.05). The cf-PWV TOD was also significantly different between the final and baseline assessment (p < 0.05). In women, the vascular TOD was significantly different between the 2nd and 3rd assessments (p < 0.05). There was also a significant difference in the IMT TOD between the baseline and 2nd assessment and between the 2nd and 3rd assessment (p < 0.05). The cf-PWV TOD was significantly different between the 2nd and 3rd assessment (p < 0.05) period. Glomerular filtration was associated with BMI and the ABI was associated with duration since type 2 diabetes mellitus diagnosis.
Abbreviations ABI: ankle-brachial index; BMI: body mass index; BP: blood pressure; cf-PWV: carotid femoral pulse wave velocity; CVD: cardiovascular disease; Cornell VDP: cornell voltage-duration product; DBP: diastolic blood pressure; MDRD-IDMS: modification of diet in renal disease-isotopic dilution mass spectrometry; eGFR: glomerular filtration rate; IMT: ntima-media thickness; LVH: left ventricular hypertrophy; PWV: pulse wave velocity; TOD: target organ damage; SBP: systolic blood pressure; T2DM: type 2 diabetes mellitus.
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